N

United States Patent [19]

[11] 4,351,717

58]

. _
o M e — PORE SIZE DISTRIBUTION, [N;
. Dmo a7 PoROSITY, o
' . HEA -
Bew — 1 EXTRUDIATE  SIZE
e ———
. Pz-

|

Jaffe [45] Sep. 28, 1982

- [54] CATALYST FOR HYDROTREATING Primary Examiner—Delbert E. Gantz

| RESIDUAL PETROLEUM OIL | Assistant Examiner—Qlik Chaudhuri -
et Attorney, Agent, or Firm—Charles A. Huggett Michael
_[_75] Inventor ‘Stephen B. Jaffe, Cherry Hill, N.J. G. Gilman; Charles J. Speciale
| [73].. _Asslgnee.l. | Ilzrdt:rlrnl Oil Corporatlon, New York [57] ABSTRACT _

- L - A catalyst for hydrotreating residual petroleum oil has
[21] | Appl NO | 298’956- a pore size distribution related to the measured size
[22] .Flled — Nov. 21, 1980 distribution of sulfur, nickel and vanadium containing

o molecules in the residual oil to be hydrotreated. The
- Relafed U.S. Application Data size distribution of the sulfur, nickel and vanadium con-

' [62] Division of Ser No 322 495, Aug 8, 1977, Pat. No. taining rpolecules in the residual oil is {neasured by gel
4,267,071, | permeation chromatography. From this measured size
i B R distribution, the catalyst pore size distribution which
[51] Illt Cl3 ----- ;-.-ul-l-_u.;f...'._..";..'. ..................... CIOG 45/08 | pI'OdUCES dE',‘Sll‘ed demetallzatlon and desulfurlzatlon is
[52] U.S. ClL ........ vennrenennnnes ... 208/216 PP 208/251 H

‘F 1 of Search . 208 /21 6 PP 151 determined for specified process conditions. A catalyst
L e o earc """"""""""" having the determined pore size distribution is pro-
196 N References Clted duced by calcining alumina at different temperatures to
N - : _. U S P ATENT DOCUMENTS Rf@dﬁce alumil‘;la With the dﬁtﬁflﬂil’le.d porc size distribu-
e ) - | ~ tion. The alumina is impregnated with cobalt molybde-
S g 323 32_1’ ?ﬁggi E‘;‘.“tﬁer et 31 RSl iggl/gig gIP) num to produce the catalyst which is tailored to pro-
o - Klinken ..., rreeieaees : e 4 . e
© 33891,541 6/1975 Oleck et al. ....owrerrsc 208/216 PP dﬁ‘ce the dfs"ffd dgmmhz?“’“ and desulfurization of
3,898,155 8/1975 WlSON s 208/251H - RE residual oil to be treated.
3,983,030 9/1976 Rosynek et al. ......c......... 208/251 H S o
4, 183 284 2/1980 Quick et al. __208/_251 H 9 Claims, 7 Drawing Eigures
5 e
'MEASIIJRE — 0 “ép't-:cm; . T -
Sa(¢)Nia(®) Va(e) ¥ |procEss | DRSIRED
|OF RESIDUAL. OIL | = PROCESSED
| RESID

S AO >  DETERMINE

EXTRUDE
CATALYST .

T'S .

~ CALCINE
 CATALYST
AT DIFFERENT

IMPREGNATE
CATALYST

HYODROTREAT
RESIDUAL OlL

WITH CATALYST



U.S. Patent sep. 28, 1982

1S

5

MEASURE
Sa(¢) Nia(s),Va ()
Sm(¢)Nim(e), VM(0)
OF RESIDUAL OIL

10 SPEGCIFY
PROCESS
CONDITIONS

—

. CATALYST
| AT DIFFERENT

7, . |
DETERMINE

~| PORE SIZE DISTRIBUTION,

- POROSITY,
EXTRUDIATE  SIZE

EXTRUDE
CATALYST

"CALCINE

T'S

IMPREGNATE
CATALYST

" HYDROTREAT
RESIDUAL OIL

WITH CATALYST

Sheet 1 of 4

4,351,717

6
(

SPECIFY
DESIRED
S, Nt &V IN

PROCESSED
RESID

.......



“U.S. Patent sep. 28, 1982 Sheet 2 of 4 4,351,717

Sa(6)

20 40 60 80 100 120
' 6in A° |




U.S. Patent  sep. 28, 1982 Sheet 3 of 4 4,351,717

PICK o, 4, =¢

20 _
— CONSTANTS
RATE . CHANGE STOCK PARAMETERS
- - 2|
o Y e _
TEST- IS IT GOOD P IYES o EXIT
NO
22
. ] /
i " CHOOSE NEW
o, pu, @




U.S. Patent sep. 28, 1982 Sheet 4 of 4 4,351,717




4,351,717

1

CATALYST FOR HYDROTREATING RESIDUAL
| PETROLEUM OIL

This 1s a division of copendiﬁg application Ser. No.
822,495, filed Aug 8, 197_7, now U.S. Pat. No.
4,267,071. o

BACKGROUND OF THE INVENTION

This invention relates to catalysts for hydrotreating
residual petroleum oil, to methods of making the cata-
lyst and more particularly to methods of tailoring the
pore size distribution of the catalyst to the measured
size distribution of sulfur, nickel and vanadium contain-
ing molecules in the residual oil to produce desired
hydrotreating of the residual oil.

Residual petroleum oil fractions such as those heavy
fractions produced by atmospheric and vacuum crude
distillation columns, are typically characterized as being
undesirable as feedstocks for most refining processes
due primarily to their high metals and sulfur content.
The presence of high concentrations of metals and sul-
fur and their compounds precludes the effective use of
such residua as chargestocks for cracking, hydrocrack-
ing and coking operations as well as limiting the extent
to which such residua may be used as fuel otl. Perhaps

the single most undesirable characteristic of such feed-

stocks is the high metals content. Principal metal con-
taminants are nickel and vanadium.

Suifur is also undesirable in a process unit charges-
tock. The sulfur contributes to corrosion of the unit
mechanical equipment and creates difficulties 1n treat-
lng products and flue gases. At typical cracking conver-
sion rates, about one half of the sulfur charged to the
unit is converted to HyS gas which must be removed
from the light gas product. |

Increasingly, residual oil is being upgraded into ligh-
ter petroleum products, notably transportation fuels, by
hydrotreating the residual oil. This treating of residual
oil in the presence of a catalyst and hydrogen to trans-
form it into lighter petroleum products is difficult be-
cause of the aforementioned presence of sulfur, nickel
and vanadium in the molecules of the residual oil.

Catalysts having different size pores have been used
to hydrotreat residual oil. For example, it has been
recognized that large pore catalysts remove metals
faster than small pore catalysts whereas small pore cata-
lysts remove sulfur faster than large pores.

Two layer catalyst beds have been used to hydrotreat
residual oil. For example, U.S. Pat. No. 3,985,643 Mil-
stein describes a hydrotreating process in Wthh two
beds are used to treat residual o1l.

In the prior art, catalysts havmg different catalyst
pore size distributions have been used. U.S. Pat. Nos.
3,876,523 Rosinski et al and 3,891,541 Oleck et al de-
scribe methods for preparing catalysts having specific
pore size distributions. Generally, any given catalyst is
a compromise if it is used to process all residual oils.
While a catalyst having a given pore size distribution
may be good for one residual oil, it will not be as effec-
tive for other residual oils.

“CONFIGURATIONAL DIFFUSION EFFECTS
IN CATALYTIC DEMETALIZATION OF PE-
TROLEUM FEEDSTOCKS” by J. C. Spry, Jr. and
- W. H. Sawyer, a paper presented at the 68th Annual
AICHE meeting, Nov. 16-20, 1975, describes the analy-
sis of residual oils by gel permeation chromatography.
This paper also describes a computer model for defining
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catalyst performance in terms of catalyst properties.
The paper concludes that there is an optimum catalyst
pore size which i1s dependent upon the molecular size of
the reactant. However, there is no disclosure of tailor-
ing the catalyst pore size distribution to the measured
characteristics of the residual oil to be processed.

Accordingly, it is an object of this invention to use
different catalysts having different pore size distribu-
tions to produce desired hydrotreating of the residual
oil having measured characteristics.

SUMMARY OF THE INVENTION

In accordance with this invention a catalyst has a
pore size distribution which is tailored to the measured
size distribution of sulfur, nickel and vanadium contain-

- ing molecules in the residual o1l to be hydrotreated. The

pore size distribution of the catalyst produces desired
hydrotreating for specified process conditions.

In accordance with this invention the size distribu-
tion, porosity and particle size of the catalyst are deter-
mined from a unique relationship between concentra-
tion of the sulfur, nickel and vanadium containing mole-
cules in the residual oil during processing, the hydro-

- treating process conditions, and the measured size dis-
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tribution of the sulfur, nickel and vanadium containing
molecules 1nitially in the residual o1l to be processed.
‘After the determination of the pore size distribution,
porosity and particle size of the catalyst, the catalyst is
produced by calcining alumina at different temperatures
to produce alumina with the determined pore size distri-
bution. The alumina is impregnated to produce the
catalyst which is then used for hydrotreating the resid-
ual oil. |
- The foregoing and other obj jects, features and advan-
tages of the invention will be better understood from
the following more detailed description and appended

. claims.
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DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a flow sheet of the process of this in-
vention; |

FIG. 2 shows the measured size distribution of sulfur
containing molecules in the residual oil;

FIG. 3 shows the size distributions of sulfur, nickel
and vanadium containing molecules in the residual oil;

FIG. 4 shows a flow chart of the determination of the
catalyst pore size distribution;

FIG. 5 shows a catalyst pore size distribution curve
used in the preparation of the catalyst;

FIG. 6 depicts an idealized catalyst pore; and |

FIG. 7 depicts the cross section of an i1dealized cata-
lyst pore and a residual o1l molecule therein.

DESCRIPTION OF A PREFERRED
EMBODIMENT

MEASUREMENT OF MOLECULAR SIZE IN
| RESIDUAL OIL

The first step in the making of a catalyst having a
pore size distribution tailored to the particular residual
o1l being treated is the measurement of the size distribu-
tion of the sulfur, nickel and vanadium containing mole-
cules in the residual oil. This step is indicated at 10 in the
flow sheet of FIG. 1.

Following standard procedures the asphaltenes are
separated from the maltenes in the residual oil. Maltenes
are pentane soluble and asphaltenes are pentane insolu-
ble. Advantage can be taken of this property to make
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the separation. Then, the size distribution of the sulfur,
nickel and vanadium containing molecules in each com-
ponent 1s measured by gel permeation chromotography.
For example, FIG. 2 depicts the distribution of the
sulfur containing molecules in the asphaltenic compo-
nent as determined by gel permeation chromotography.
This example depicts the results of a chromotographic
run with cuts at 20, 30, 40... 120 angstroms. The results
have been normalized so that the output from each cut
is given in terms of the fraction of each size molecule
with respect to the total concentration of the compo-
nent. As shown in FIG. 2, the fraction for each size is as
follows: |

20A°—0%
30A°—0%
40A°—25%
50A°—5%
60A°—15%
T0A°—25%
80A°—20%
S90A°—15%
- 100A"—10%
110A°—5%
120A°—23%

The curve 11 represents S4(o) which is the product

of the fractional size distribution of the asphaltenic sul-

fur containing molecules and the total initial concentra-
tion. The production of curves such as this by gel per-
meation chromotography has become a standard analy-
sis. See for example, FIG. 1 of the aforementioned Spry,
Jr. and Sawyer paper.

In FIG. 3 curve 11 depicts S4(o), the curve 12 de-
picts the size distribution of all asphaltenic molecules,
the curve 13 depicts Nig(o), the size distribution of the
nickel containing molecules in the asphaltenic compo-
nent, and the curve 14 depicts V 4(o), the measured size
distribution of vanadium containing molecules in the
asphaltenic component. Similar measurements are made

for the maltenic component of the residual oil to be
processed.

DETERMINATION OF CATALYST PORE SIZE
DISTRIBUTION

As indicated by the step 15 in FIG. 1 the process
conditions under which the residual oil is to be hydro-
treated must be specified. Normally, these are set by the
particular hydroprocessor to be used. In the particular
example under consideration temperature is in the range
650° to 800° F., hydrogen partial pressure is in the range
of 1000 to 2000 PSI, and space velocity is in the range
4 to 0.2 1/hrs. Normally, of course, space velocity is
maximized.

As indicated by the step 16, the desired demetaliza-
tion and desulfurization may be specified. For example,
it may be specified that the hydrotreating process is to
remove all but 10% of the sulfur, nickel and vanadium
in the residual oil. In the example under consideration,
S, Ni and V are the concentrations of the sulfur, nickel
and vanadium respectively remaining after hydrotreat-
ing.

When the remaining concentration of S, N1 and V is
specified, space velocity is maximized. Alternatively,
when space velocity is specified, the minimum remain-
ing concentration of S, Ni and V is obtained.

In accordance with the present invention, the pore
size distribution, porosity and extrudate size of the cata-
lyst are tailored to the residual o1l to be processed auto-
matically as indicated at 17 in the flow sheet in FIG. 1.
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The determination is made on automatic computing
apparatus such as an IBM 370 computer. The determi-
nation is made in the computer in accordance with the
following:

NI g
>
—_——
S =2 Sy(o)e d>ca -+
ﬂ' .
ok MPG -"'—""%E  A(d)
- 3
—_—
2 Sy(o)e doo
ped |
phary S 2
- 2
N1 = 2 Nigy(og)e d>o +
o
pmpy 22 aca)
>
——p—

()
I P | A—
\% =.§- Vg(o)e d>eo +

S is the concentration of sulfur remaining after hydro-
treating,

Ni is the concentration of nickel remaining after hy-
drotreating,

V is the concentration of vanadium remaining after
hydrotreating,

S4(07) i1s the product of the fractional size distribution
of the asphaltenic sulfur containing molecules and the
total initial concentration, |

Sym(o) is the product of the fractional size distribution
of the maltenic sulfur containing molecules and the total
initial concentration, .

Nig4(o) is the product of the fractional size distribu-
tion of the asphaltenic nickel containing molecules and
the total initial concentration,

Niyfo) is the product of the fractional size distribu-
tion of the maltenic nickel containing molecules and the
total initial concentration,

V 4(o) is the product of the fractional size distribution
of the asphaltenic vanadium containing molecules and
the total initial concentration,

Vum(o) is the product of the fractional size distribu-
tion of the maltenic vanadium containing molecules and
the total initial concentration,

o 1s the size of the sulfur, nickel and vanadium con-
taining molecules,

d 1s the pore size,

p is the packed density of said catalyst,

(A)d 1s the product of the fractional pore size distri-
bution and the total pore area of said catalyst, .

SV is space velocity,

P is the partial pressure of hydrogen in said process,

¢ is the stock inhibiting parameter dependent upon
the heaviness of the residual oil; it is defined by:
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Arom is wt. fraction of Aromatics in 650+ portion of
charge, as defined by silica gel separation,
B; and B; are adjustable parameters,

AEA

ka = 7(1 — Oke T

& -

10

K 4ois the intrinsic asphaltenic rate constant at 725° F.,

- AE 4 is the intrinsic asphaltenic activation energy,
7 is the roughness factor and @ is the catalyst porosity.

km = 7(1 — 8)kpmoe

AEM
|

(S — )
T .
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20

kas is the infrinsic maltenic rate constant at 725° F.,
AE s is the intrinsic maltenic activation energy,
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30

hys is similarly defined with parameters for the mal-

tenic component,

6

T is the temperature,

L is related to the extrudate size by volume of the
particle/external surface area of the particle, and

D4, and Dy, are the asphaltenic and maltenic dif-
fusivities in infinitely large pores. |

Equations: (1)-(3) describe a unique relationship be-
tween the measured molecule sizes of the residual oil to
be processed, the process conditions, and the catalyst
pore size distribution which will produce the desired
hydroprocessing. The theoretical basis for the forego-
ing relationship, and unique aspects of this relationship,
will subsequently be described.

This relationship is tailored to produce desired hy-
droprocessing by adjustable parameters in the relation-
ship. These adjustable relationships are determined ex-
perimentally. As an example, the parameters which will
produce the desired hydroprocessing for all molybde-
num cobalt catalysts are:

kprro=28.26606E—6

Dap=1.02208E—4

D4o=3.57374E—5

AEpM=2.08016E4

AE4=1.73297E4

B;=6.23209E~1 -

B>=3.11764E0 | |

The foregoing parameters are for the sulfur compo-
nents. Similar parameters for the Ni.and V components
can be obtained.

One example of a computer program listing which
will carry out the determination follows in standard
APL language.

W

VSETUP[LIV

Y

{1

[2]
[3]
[4]
[5]

[1]
(2]
[3]
[4]
[5]

(1}
2]
3]

[4]
[5]

(6}
[7]

(1

SETUP;R

R+—GAMMA |
RHOB«—(1"EPSILON) X THETA - VG« THETA -- RHOR X 1"THETA

D<«R[;1]

SUR 400000000 X VG X +/¢R
L« (LENGTHXDIAM+4)+LENGTH+DIAM+240.5

VRATE[V
SETUP

RR—RATE;K;H;XEFF;D;SUR;L

K«—(PHI ST)X TAU X (1"THETA)XKO X **AE X (+460+T)"+ 1185
H««(L <30} X (((SX & ($pS)pK -+ (pK)pDO)". X D)*0.5) - (»S)". +D
KEFF«(&(¢pS)p(RHOB+SV)*. XK) X ((700 TH)--H)+.XSUR
RR«+/C650[ST]) X SO[ST;]+. X F[ST;;} X **KEFF

VGAMMAILV
R—~GAMMA:Y
Ye-100X(*5X Y )=*5

LS1X 3 P =35

Re{(+BETA)X*(@Y)X Pr1)*Y+(0.5XG0o2X P D+ (Pr1)XGP 1) P 1

— 82

SLER—(Y* P

1) X (*+Y)+BETA X! P~1

| S2:R«D,[1.5] RX A D«ALPHA+YXBETA

MU—ALPHA + P X BETA

VPHI[V
R«PHI ST

R<P 2000+ P X (*((0.4-SIO2[ST] X C650[ST])=-0.6)>.* 0 2)+.X R_

VAV
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V Re—-A V

[1]  ReOSX(/VI2 ID(~2 | QbV)V), /621 V
v

Briefly, the operation of this program is as follows.
The first two lines of subroutine SETUP determine the
catalyst area distribution corresponding to the catalyst
volume distribution from GAMMA. SUR is a list of
catalyst surface areas corresponding to the list of diame-
ters D. Line 3 of subroutine SETUP calculates the pore
length L from the extrudate dimensions. The length L is
~defined as the volume of the particle divided by the
external surface area of the particle. In the particular
example being described it is assumed that cylindrical
shaped particles are used, but the program can accom-
modate other particle shapes because of the foregoing
definition.

Subroutine GAMMA specifies a catalyst pore size
distribution in terms of the mean w(Mu), variance
0 (SIG) and initial point a(ALPHA) of the pore size
distribution curve. |

Subroutine RATE makes the calculations of S, Ni
and 'V in accordance with expressions (1)-(3) given
above. Specifically, line 9 of subroutine RATE makes
the calculation of equation 1. - |
 The exemplary program listing given above specifies
a looping procedure in which different pore size distri-
butions, (GAMMA) are tried until the lowest sulfur
content 15 achieved. Alternatively, given the sulfur,

nickel and vanadium concentrations that are desired, ;5 -

the program loops through different GAMMAS until
the highest space velocity is obtained.
This 1s shown in the flow chart of FIG. 4 wherein

initial values of a, 8 and vy are supplied to subroutine

GAMMA which, as indicated by the step 19, specifies a
catalyst pore size distribution.

Given this catalyst pore size distribution, subroutine
RATE, determines the remaining concentrations of
sulfur, nickel and vanadium as indicated by the step 20.
As Indicated at 21, a test is made to determine whether
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 these remaining concentrations meet the desired re-

quirements. If they do not, new values of a, 8 and vy are
located as indicated at 22. The program goes through
another loop. Finally the remaining concentrations
meet the desired requirements.

The output is a catalyst pore size distribution as
shown 1n FIG. §. FIG. § gives pore size distribution. In

>0

the example being considered, the pore size distribution

curve is a GAMMA function which has been normal-
ized so that the area under the curve is one. The abscissa
of the curve is catalyst pore diameter(d) and the ordi-
nate 1s differential volume y(d) where:

") = E s
where
R
B
and

I'(A) is the gamma function
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The pore size distribution curve of FIG. 5 is used to
specify the catalyst which is prepared in the manner to
be subsequently explained. .

DEVELOPMENT OF THE RELATIONSHIP
FROM WHICH PORE SIZE DISTRIBUTION IS
S - DETERMINED

The relationships between residual oil molecule size
and catalyst pore size distribution are based upon the
simplified pore model shown in FIGS. 6 and 7. It is
assumed that a pore has a simple cylindrical shape with
length L and diameter d. Based on this model, the rate
of diffusion of molecules into the pores is equal to the
rate of reaction in the pores.. This is expressed as:

awrd? 3¢S

-T~D_;é'-2_ = wdKkPdS
where the rate of diffusion of molecules into the pores is
on the left-hand side of the above equation and the rate
of reaction is given on the right-hand side. The bound-
ary conditions are:

S=Sa BS L
YA =0
Z =0 Z = L

_The solution of the foregoing differential equation 1is:

cosh A (1 — %)

S =S cosh A

where

%P
H =L \I 7D

" In the foregoing the diffusivity term D is a restricted

‘diffusivity which is the portion of the cross sectional

area of the pore in which molecules are free to move.
Referring to FIG. 7, it will be seen that the molecule 18
cannot move freely in the entire cross sectional area of
the pore. Rather, it is restricted to the area defined by
the difference between the pore diameter and the mole-
cule diameter d — o~. Therefore, the restricted diffusiv-
ity 1s related to classical diffusivity D, by

D — D, ':r(d—u'gz
o wd®

2
D, o

D = = (1-—7)

Now consider the reaction of molecules of one size
o"1 in one pore:
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Rate L
Pore .~ — T f wdkPd 5(o) dZ

o

Integrating the foregoing equation and gathering the

terms 7rdL into one term for the internal surface area of

the pore A(d), we get

= _S(c) kPd ta“h 1,

A(d)
— amm— —

EFFECTIVENESS AREA
FACTOR

Sm—— s

EFFECTIVE K

The reaction in all of the pores of a single pellet can

be obtained by summing the foregoing for all pores

3
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having a diameter d greater than the diameter of the

molecule o
Rate Rate tanh A
Peller” = J Pore = ~S@D KPS T 4@

In the foregoing, A(d) is given in meters squared per
- gram. This is converted into the rate per volume of bed
to obtain

| Rate
Vol Bed

_S(c) pkPy 3 BERE 4@

d>ay h |

Now expressing the reaction of all size molecules we

get
dS 4 __RATE
1 ~ VolBed
il = |
()
| -IS@pkps 3 B 4@

The foregom g is the expresmon for the reaction of

asphaltenic sulfur. There 1s a similar expression for mal-
tenic sulfur. Adding these and integrating, we get the
expression for the concentration of sulfur for the resid-
ual oil.

okA P¢ ranhhA A(d)

__SF__
S = E S (LT)E d;;-cr

E SM(o')e d}n'

This will be recognized as equation 1 which defines the
concentration of sulfur in the residual oil. The concen-
tration of nlckel and vanadlum can similarly be devel-

oped. -
PREPARATION OF THE CATALYST

- The catalyst having the determined pore size distribu-

tion is prepared in one of several different ways, as
hereinafter described. Contemplated as within the scope
of this invention, for example, is a catalyst with the
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prescribed pore size distribution such as shown in FIG.

5 prepared by blending two or more component cata-

lysts that do not have the determined pore size distribu-
tion. The proportions of component catalysts used in
preparing the blend are, of course, chosen so that the
mixture does have the determined pore size distribution.
The blending step may be done at different stages in the
catalyst preparation. For example, two different alu-
mina powders may be blended prior to extrusion and
impregnation; or, a calcined alumina powder may be
blended with an uncalcined alumina powder, extruded,
recalcined, and then impregnated. Or, two or more
finished catalysts, that is, catalysts which have been
pelleted, or extruded, calcined and impregnated, may be
blended to form a substantially uniform mixture that has
the determined pore size distribution. It will be recog-
nized, of course, that the blending step 1s a particularly
useful technique in tailoring the catalyst to arrive at a
very close approximation to the determined pore size
distribution. In many instances, however, 1t will be
possible to prepare a single catalyst by impregnating a
uniform alumina with an oxide or a sulfide of a Group
VIB metal and an iron group metal, this single catalyst
having the determined pore size distribution or a satis-
factory approximation thereof, in which case of course
the blending step may be eliminated. In any case,
whether or not a blend is employed, the pore size distri-
bution of the catalyst refers to the pore size distribution
as determined with a mercury porosimeter by tech-
niques well known to those skilled in the art.

Aluminas and finished catalysts for use as blending
components may be purchased from manufacturers of
catalysts and aluminas. For example, Nalco HF-type
aluminas are available from the Nalco Chemical Com-
pany. These are available with pore volumes varying
from about 0.54 cc/gm to about 2.36 cc/gm, and a
corresponding average pore diameter within the range
of about 72 A to about 305 A. Another manufacturer is
American Cyanamid Company, which manufactures a
variety of alumina supports and catalysts. Continental
Oil Company in the United States manufacturers and
sells Catapal SB, which is a hydrated alumina of high
purity. This alumina on calcination for three hours at
900° F. produces a gamma alumina with a surface area
of 250 m2/g and a total pore volume of 0.53 cc/gm.
Almost 90% of its pore volume 1s in pores having a
diameter up to 100 A diameter, with a very large frac-
tion of these pores being in the range of 60 to 80 A In
diameter. The foregoing are given by way of illustra-
tion, there being many other materials available on the
market. |
- In addition to use as blending components, any of the
materials mentioned in the foregoing paragraph may be
modified with respect to pore size distribution by fur-
ther treatment such as calcination. In general, further
calcination at suitable temperatures will serve to shift
the pore size distribution in the direction of larger pores.
Materials modified by such treatment may acquire the
determined pore size distribution, in which case they
are used directly as the catalyst for purposes of the
present invention. Alternatively, a modified material
may be used as a blending component.

As will be recognized by one skilled in the art, the
pore size distribution of the impregnated alumina cata-
lyst usually is determined predominantly by the pore
size distribution of the alumina support. In general,
alumina supports are prepared by calcining one of sev-
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eral hycrated crystalline or amorphous forms of alu-
mina. The phase changes which occur on calcining the
different hydrated aluminas and the temperatures char-
acteristic of the transformations are described in a publi-
cation titled “Alumina Properties”, by Newsome, Hei-
ser, Russel and Stumpf (Alcoa Research Laboratories,
1960), the entire contents of which are incorporated
herein by reference. In general, the phases appearing at
higher temperatures are characterized by larger pore
diameters, but the pore size distribution is also affected
by other factors such as the moisture content of an
extrudate, for example. Thus, by modification of tem-
perature, time and other variables it is possible to con-
trol pore size distribution with cons:derab]e effective-
ness.
As examples of patents which illustrate the tech-
niques used to prepare a catalyst having a particular
pore size distribution, which may or may not be the
determined pore size distribution of this invention, the
following are noted: U.S. Pat. No. 3,383,301 (Beuther et
al.), U.S. Pat. No. 2,890,162 (Anderson), U.S. Pat. No.
3,242,101 (Erickson), and U.S. Pat. No. 3,985,684 (Arey
et al). As further examples, U.S. Pat. No. 3,876,523
(Rosinski et al.) describes the preparation of a catalyst
having a pore size distribution characterized by over
60% of its pore volume in pores 100-200 A diameter,
and about 10% of its pore volume in pores greater than
500 A diameter. The preparation of a catalyst based on
Catapal SB alumina and having a pore size distribution
such that not less than about 55 to 75% of its pore vol-
ume 1s in pores having a diameter range of about 180 to
about 300 A 1s described in U.S. Pat. No. 3,891,541
(Oleck et al.). Other patents illustrating different cata-
lysts include U.S. Pat. No. 3,785,967 (van Klinken),
U.S. Pat. No. 3,712,861 (Rosinski et al) and U.S. Pat.
No. 3,393,148 (Bertolacini et al). The entire contents of
all of the foregoing patents are incorporated hereln by
reference.
While a particular embodiment of the invention has
been shown and described, various modifications will
occur to those skilled in the art. The appended claims
are, therefore, intended to cover all such modifications
which fall within the true spirit and scope of the inven-
tion.
What 1s claimed is:
1. A process for catalytically demetalizing and desul-
furizing a residual o1l comprising:
measuring the size distribution of sulfur, nickel and
vanadium containing molecules in said residual oil,

determining from said measured size distribution the
pore size distribution, porosity and extrudate size
of a catalyst producing desired demetalation and
desulfurization of said residual oil for specified
conditions of temperature, pressure and space ve-
locity,
producing an alumina having deposited thereon an
oxide or a sulfide of a Group VI-B metal and an
iron group metal thereby forming said catalyst
having said determined pore size distribution, and

contacting said residual oil with hydrogen in the
presence of said catalyst at about said specified
process conditions whereby inducing said optimum
demetalization and desulfurization during said con-
tacting step.

2. The process recited in claim 1 wherein said pore
size distribution, porosity, and extrudate size of said
catalyst; and said temperature, pressure and space ve-
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locity of the hydrotreating process are selected in ac-
cordance with:

(1)
2 ———p
S = E S4 (cr)e d:--n' '

(2)
Ni = = Nig(o)e d>c

o

3)
IR . | — |
V = E'- Vgq(o)e d>o

h h
PkMPY . - A(d)

>
R
g_ Vm(o)e d>o

S 1s the concentration of sulfur remaining after hydro-
treating,

Ni is the concentratlon of nickel remalnlng after hy-
drotreatmg,

V is the concentration of vanadium remaining after
hydrotreating,

S4 (o) 1s the product of the fractional size distribution
of the asphaltenic sulfur containing molecules and
the total initial concentration, |

Sar (o) 1s the product of the fractional size distribu-
tion of the maltenic sulfur containing molecules
and the total initial concentration,

Nig4 (o) is the product of the fractional size distribu-
tion of the asphaltenic nickel containing molecules
and the total 1nitial concentration,

Niys (o) 1s the product of the fractional size distribu-
tton of the maltenic nickel containing molecules
and the total initial concentration,

V4 (o) is the product of the fractional size distribu-
tion of the asphaltenic vanadium containing mole-
cules and the total initial concentration,

Vum (o) 1s the product of the fractional size distribu-
tion of the maltenic vanadium containing mole-
cules and the total initial concentration,

o 1s the size of the sulfur, nickel and vanadium con-
taining molecules,

d is satd pore size,

p 1s the packed density of said catalyst,

A(d) 1s the product of the fractional pore size distri-
bution and the total pore area of said catalyst,

SV is space velocity,

P 1s the partial pressure of hydrogen in said process,

¢ is the stock inhibiting parameter dependent upon
the heaviness of the residual oil; it is defined by:
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Arom is wt. fraction of Aromatics in 650+ portion of
charge, as defined by silica gel separation,
B and B; are adjustable parameters,

| __ AKA {[ ] )
kg=101 - Okgee K T T

k.401s the intrinsic asphaltenic rate constant at 725° F.,
AE 4 is the intrinsic asphaltenic activation energy,
T is the roughness factor and ¢ is the catalyst poros-

ity.

10

_ AEM ( RN )
kp = (1 — @)kpee LR L 15
ks is the intrinsic maltenic rate constant at 725° F.,

AE s is the intrinsic maltenic activation energy,

20

: 3 AEA

LI
-~ Y

25

hys is similarly defined with parameters for the mal-

tenic component, |

T is said temperature,

L is related to said extrudate size by volume of the

particle/external surface area of the article,

D4, and Dyy, are the asphaltenic and maltenic dif-

fusivities in infinitely large pores, and
¢ is an adjustable parameter including B; and B.
3. The process described in claim 1 or claim 2
wherein said Group VI-B metal and iron group metal
deposited on said alumina are molybdenum and cobalt.
4. In the art of purifying residual petroleum oil
wherein said oil is demetalized and desulfurized in
contact with hydrogen with a porous catalyst compris-
ing alumina having deposited thereon an oxide or a
sulfide of a Group VI-B metal and an iron group metal,
the improvement comprising:
establishing a desired relation between: (1) pore size
distribution, porosity and extrudate size of said
catalyst; (2) the size distribution of the sulfur,
nickes and vanadium containing molecules in said
residual oil; and (3) the temperature, pressure and
space velocity of said process, and .

controlling at least one of the foregoing parameters in
accordance with said relationship.

5. The improvement recited in claim 4 wherein satd
relationship is given by: '
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(1)

- X

S =3 Sy(c)e d>o
or

Ni= 2 Nig(o)e d>o
- o

14
-continued
h h
pkMPé —r—m” MM - Ald)
- X
: — s
2 Niygy(ode d>o |
o
pkAPS —’%ﬂ . A(d) (3)
- '
V=2%xV4(0) d>o . +
o
pkMPd W » A(d)
- 2
—

2 Vy(o)e d>o
o ' |

S is the concentration of sulfur remaining after hydro-
treating, |

Ni is the concentration of nickel remaining after hy-
drotreating, |

V is the concentration of vanadium remaining after
hydrotreating, | |

S4 (o) is the product of the fractional size distribution
of the asphaltenic sulfur containing molecules and
the total initial concentration,

Sy (o) is the product of the fractional size distribu-
tion of the maltenic sulfur containing molecules

“and the total initial concentration,

Nig4 (o) is the product of the fractional size distribu-
tion of the asphaltenic nickel containing molecules
and the total initial concentration,

Nias (o) is the product of the fractional size distribu-
tion of the maltenic nickel containing molecules
and the total initial concentration,

V 4 (o) is the product of the fractional size distribu-
tion of the asphaltenic vanadium containing mole-
cules and the total initial concentration,

V(o) is the product of the fractional size distribu-
tion of the maltenic vanadium containing mole-
cules and the total initial concentration,

o is the size of the sulfur, nickel and vanadium con-
taining molecules,

d is said pore size, |

p is the packed density of said catalyst,

A(d) is the product of the fractional pore size distri-
bution and the total pore area of said catalyst,

SV is space velocity,

P is the partial pressure of hydrogen in said process,

¢ is the stock inhibiting parameter dependent upon
the heaviness of said residual oil; it is defined by:

Arom is wt. fraction of Aromatics in 650+ portion of
charge, as defined by silica gel separation,
B1 and B; are adjustable parameters,

Ka=K40 ¢
k 4,is the intrinsic asphaltenic rate constant as 725° F.,
AE 4 is the intrinsic asphaltenic activation energy,
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R T — 1185

kM = kMa e - - |
kaso, 1s the intrinsic maltenic rate constant at 725° F.,
AEzs 1s the intrinsic maltenic activation energy,

hy;, 1s similarly defined with parameters for the mal-
tenic component, |
T 1s said temperature,
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L. is related to said extrudate size by volume of the

particle/external surface area of the article,

D4, and Day, are the asphaltenic and maltenic dif-

fusivities in infinitely large pores, and

¢ i1s an adjustable parameter including B; and B;.

6. The improvement recited in claim 4 wherein the
improvement is a simulation of the operation of said
process in accordance with said relationship.

7. The improvement recited in claim 6 wherein said
simulation i1s carried out to specify the temperature,
pressure and space velocity of the hydrotreating pro-
CESsS.

8. The improvement recited in claim 6 wherein said
simulation is carried out in the control of the tempera-
ture, pressure and space velocity of the process.

9. The process described in claim 4 or claim § or
claim 6 or claim 7 or claim 8 wherein said alumina
catalyst has molydenum deposited thereon as said

Group VI-B metal and cobalt as said iron group metal.
= * % % %
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CERTIFICATE OF CORRECTION
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It s certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Please change the last three equations of Claim 5, columns 14 and 15 to
conform with the last three equations of Claim 2, column 13, the corrected
equations should read as follows:
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